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ABSTRACT OF THE DISCLOSURE

A system for adjusting the color in a multi gun television
picture tube wherein the convergence units are mounted
between the screen and the main electron lens system of
the electron gun so that the electron beam incident on
the screen does not deviate from the axis of the lens sys-
tem as the convergence system is adjusted.

This invention relates to a three electron gun color
picture tube, and more particularly to a novel three elec-
tron gun color picture tube which is simple in construc-
tion and excellent in resolution.

A conventional type of three electron gun color picture
tube such, for example, as a shadow mask type color
picture tube employs lateral and radial convergence units
and a purifying magnet so as to ensure that the electron
beam emitted from each electron gun may impinge upon
its corresponding color phosphors on the screen of the
picture tube through the shadow mask.

In such a conventional color picture tube the purifying
magnet is located in the vicinity of the main electron lens
system of the electron gun, so that the lens action of the
main electron lens system is liable to be subject to the in-
fluence of the purifying magnet, It is likely to lead to the
reduction of resolution of the picture tube. In addition,
the lateral covergence unit is disposed at the preceding
stage of the main electron lens system, more precisely,
between the cathode of the electron gun and the main
electron lens system thereof. The electron beam is affected
by the action of the lateral convergence unit before enter-
ing the main electron lens system, so that the electron
beam is liable to deviate from the axis of the lens to cause
a deterioration in resolution.

Accordingly, one object of this invention is to provide
a novel three electron gun color picture tube which is ex-
cellent in resolution.

Another object of this invention is to provide a three
electron gun color picture tube which is capable of chor-
maticity control without using a purifying magnet, which
is likely to degrade the resolution of the tube, and is
capable of the reproduction of accurate colors with high
resolution.

Another object of this invention is to provide a three
electron gun color picture tube in which lateral and
radial comvergence units are located at the stage sub-
sequent to the main electron lens system of the electron
gun.

Another object of this invention is to provide a three
electron gun color picture tube of excellent resolution
which is provided with only radial and lateral convergence
units for controlling the paths of electron beams.

Still another object of this invention is to provide a three
electron gun picture tube which is provided with means
by which the electron beam emitted from each electron
gun corresponding to one of the three primary colors, i.e.,
red R, green G and blue B, can be shifted independently
of the other electron beams in a lateral direction.
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Other objects, features and advantages of this invention
will become apparent from the following description taken
in conjunction with the accompanying drawings, in which:

FIGURE 1 is a side view, partly in cross-section, sche-
matically illustrating a conventional color picture tube em-
ploying three bipotential electron guns;

FIGURE 2A and 2B are views in elevation, and partly
in cross-section, schematically illustrating a radial con-
vergence unit and a lateral convergence unit employed in
conventional three electron gun color picture tube;

FIGURE 3 is a side view, partly in cross-section, sche-
matically illustrating one example of a color picture tube
of this invention employing three bipotential electron guns;

FIGURE 4 is a side view, partly in cross-section, dia-
gramatically illustrating another embodiment of the color
picture tube of this invention employing three bipotential
electron guns;

FIGURES 5A and 5B are cross-sectional views taken
along the line I—I in FIGURE 3, respectively illustrating
embodiments of a lateral convergence unit applicable to
the picture tube of this invention;

FIGURE 6 is a perspective view of the principal part
of the units shown in FIGURES 5A and 5B;

FIGURE 7 is a cross-sectional view, similar to FIGURE
5, showing another embodiment of the lateral convergence
unit applicable to the picture tube of this invention;

FIGURE 8 is a perspective view illustrating one element
of an internal magnetic pole in the lateral convergence
unit depicted in FIGURE 7;

FIGURE 9 is a perspective view showing entirely an
internal magnetic pole of the lateral convergence unit
shown in FIGURE 7;

FIGURE 10 is a perspective view showing another
element of the internal magnetic pole of the lateral con-
vergence unit depicted in FIGURE 7;

FIGURES 11A and 11B are cross-sectional views,
similar to FIGURE 5, illustrating other examples of the
lateral convergence unit according to this invention;

FIGURE 12 is a perspective view illustrating the prin-
cipal part of a picture tube employing the lateral con-
vergence unit depicted in FIGURE 11;

FIGURE 13 is a perspective view of the principal part
of the picture tube shown in FIGURE 4;

FIGURE 14 is a cross-sectional view taken along the
line II—I in FIGURE 4;

FIGURES 15A, 15B and 15C are cross-sectional views
illustrating still other examples of the internal magnetic
pole of the lateral convergence unit of this invention; and

FIGURE 16 is a side view, partly in cross-section,
illustrating one embodiment of a color picture tube of
this invention employing three unipotential-type electron
guns.

In FIGURE 1 there is diagrammatically illustrated the
principal part of a conventional color picture tube of the
type employing three bipotential-type electron guns. Ref-
erence character T indicates generally an envelope of the
picture tube, in the neck portion of which are disposed,
for example, three bipotential-type electron guns 1 each
corresponding to each of the three primary colors, i.e.
red, green and blue, although there are shown only two
electron guns in the figure. Each of the electron guns 1
comprises first, second, third and fourth grids Gy, Gy, Gs
and Gy. In the illustrated example, an electrostatic focus-
ing lens is formed by the third and fourth grids G; and
Gq. The grid electrodes of each electron gun 1 are me-
chanically attached by, for example, support pins (not
shown) to an insulating supporter 20 made of, for in-
stance, the so-called beading glass or the like disposed
between two adjacent electron guns 1, Accordingly, the
grid electrodes are maintained at predetermined positions
relative to one another. Reference numeral 2 identifies
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a radial convergence unit including a radial convergence
magnet 3 and a radial convergence magnetic pole 4.
The radial convergence magnet 3 and the magnetic pole
4 respectively consist of three comvergence magnet ele-
ments 3R, 3G and 3B and three magnetic pole elements
4R, 4G and 4B each arranged for each electron gun 1
as depicted in FIGURE 2A. The magnetic pole elements
4R, 4G and 4B are each separated from the others by
shield plates 5 radially extending from, for example, the
axis of the envelope. By controlling the magnetic field
established by the radial convergence magnet 3, the elec-
tron beam of each electron gun 1 may be shifted in a
radial direction of the electron gun independently of the
electron beams of the other electron guns. Reference nu-
meral 6 designates a lateral convergence unit having a
lateral convergence magnet 7, which is diagramatically
depicted in FIGURE 2B. That is, as shown in the figure,
the lateral convergence unit 6 comprises an external mag-
net 7 in common to the respective electron guns 1 and
internal magnetic poles 15 and 15" attached to the third
grid of one of the electron guns 1 corresponding to the
blue color, and its magnetic line of force is established
as indicated by dotted lines in the figure. The lateral
convergence unit is designed so that adjustment (of chiefly
the external magnet 7) will lead to shifting of the electron
beam representative of the blue color in a direction oppo-
site to that of the electron beams of the red and green
colors emanating from the other electron guns and cross-
ing the radial direction of the envelope at right angles
thereto, namely in a lateral direction such as indicated by
the arrow a;. In this case, the electron beams representa-
tive of the red and green colors are also shifted in the
lateral direction, namely in a direction indicated by the
arrows a, and a3 in FIGURE 2B. Reference numeral 8
indentifies 2 purifying magnet, by which the electron
beams emitted from the electron guns 1 are simulta-
neously shifted circularly about the axes of the respective
electron guns to perform color purity control.

As is apparent from FIGURE 1, in such a conventional
type of picture tube the lateral convergence unit 6 is
located at a position corresponding to the third grid Gs
of each electron gun 1 or at a position preceding the
electrostatic focusing lens formed between the third and
fourth grids G; and Gy, namely on that side from which
the electron beam enters the lens, as shown in the figure.
With the lateral convergence unit 6 disposed at such a
location, it is likely that the electron beam entering the
electrostatic focusing lens deviates from the axis of the
lens system to deteriorate the focusing characteristic of
the electron beam to degrade the resolution of a picture
displayed on the phosphor screen. The degradation of
resolution is more prominent in the unipotential electron
gun. In addition, since the unipotential electron gun em-
ploys the so-called limiting aperture in the third grid for
limiting the diameter of the electron beam path, it is
likely that the control of the electron beam by the lateral
convergence magnet 7 and the purifying magnet 8 exerts
an influence upon the brightness of the picture.

To avoid such disadvantages experienced in the prior
art picture tube, in the present invention a lateral con-
vergence unit 16 is positioned rearwardly of the main
electron lens of each electron gun and forwardly of the
radial conmvergence umit 2 with respect to the advance
direction of the electron beam, as shown in FIGURE 3,
and in this case the purifying magnet needed in the prior
art may be dispensed with. In the figure the parts corre-
sponding to those in FIGURES 1 and 2 are identified at
the same numeral references for the sake of brevity. Fur-
ther, it is also possible to position the lateral convergence
unit 16 at the stage following the radial convergence unit
2 placed next to the main electron lens with respect to the
advance direction of the electron beam, as depicted in
FIGURE 4.

As shown in FIGURES 5A and 5B, in this invention
the lateral convergence unit 16 is composed of three
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lateral convergence magnets 17R, 17G and 17B mounted
on the outside of the envelope T corresponding to elec-
tron guns 1R, 1G and 1B for red, green and blue colors
and three internal magnetic poles 15R, 15G and 15B
mounted on the electron guns. These lateral convergence
magrets 17R, 17G and 17B and internal magnetic poles
15R, 15G and 15B are fixedly disposed in opposing rela-
tion to the electrodes subsequent to those constituting the
main electrostatic lenses of the electron guns. Namely,
where the electron guns employed are, for instance, bi-
potential ones such as shown in FIGURE 3, the lateral
convergence magnets 17R, 17G and 17B and the inter-
nal magnetic poles 15R, 15G and 15B are positioned in
opposing relation to the fourth grids G4 of the electron
guns 1R, IG and 1B as illustrated in FIGURE 5A. In
this case, the relative arrangement of the lateral con-
vergence magnets, the internal magnetic poles and the
electron guns are such that the electron gun, for example,
1G, is disposed between a pair of the opposing lateral
convergence magnet and internal magnetic pole, for in-
stance, 17G and 15G.

Where the internal magnetic poles 15R, 15G and 15B
are of such a shape as shown in FIGURE 5A, they can
be utilized as supporters respectively for mechanically
attaching the fourth grids Gy of the electron guns 1R,
1G and 1B to the insulating supporters 20. In this case,
each of the internal magnetic poles 15R, 15G and 15B
is an elongated magnetic plate 21 of such a shape as
shown in FIGURE 6. As depicted in the figure, the mag-
netic plate 21 has a generally Q-shaped cross-section such
that its centrally curved portion 21a wraps an approxi-
mately 180° portion of the circumferential surface of
the cylindrical metal case forming the fourth grid G4 of
each electron gun.

Then, the elongated magnetic plate 21 is attached to
the fourth grid G4 of each of the electron guns IR, 1G
and 1B by means of, for example, welding in such a
manner that the curved portion 21a of the magnetic plate
21 wraps a 180° portion of the fourth grid G, on the side
of the axis of the envelope T, and both ends 215 and 21c
of the magnetic plate 21 are embedded in the insulating
supporters 20 disposed on either side of each electron
gun. Thus, each magnetic plate 21 supports each fourth
grid G, on the insulating supporters 20 and at the same
time constitutes each of the internal magnetic poles 15R,
15G and 15B of the convergence unit 16,

Meanwhile, the convergence magnets 17R, 17G and
17B are disposed on the outside of the envelope T in
opposing relation to the internal magnetic poles 15R,
15G and 15B respectively, so that magnetic flux is estab-
lished in each electron beam path substantialy in parallel
to a line passing the axis of the envelope T and extending
radially therefrom, as indicated by broken lines in FIG-
URE 5. The magnets 17R, 17G and 17B have, for in-
stance, a stick-like configuration, as shown in the figure,
and they are N- and S-magnetized in a direction crossing
the axial direction of the envelope T at right angles there-
to. Mounting of each magnet 17 on the envelope T is
accomplished in the following manner. That is, the
magnet 17 is assembled with a magnetic plate 18 having
a substantially U-shaped portion 184 and both ends 185
and 18c curved in conformity with the circumferential
surface of the envelope T, and then the magnetic plate
18 having mounted thereon the magnet 17 throughthe U-
shaped portion is mounted on the envelope T in such a
manner that the U-shaped portion 18a assumes its pre-
determined position on the circumferential surface of
the envelope T.

The magnet 17 is adapted to be movable about the
axis of the envelope T so as to shift the electron beam
emanating from the electron gun 1 in a direction crossing
the radial direction of the envelope T, namely in the
Jateral direction of the envelope T, as indicated by the
arrow in FIGURE 5B.

FIGURE 5B illustrates a modified form of the internal
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magnetic poles 15R, 15G and 15B which employs another
internal magnetic pole piece 22 other than the internal
magnetic pole formed by the magnetic plate 21, the
magnetic pole piece 22 being mounted on the outside of
the fourth grid G4 in opposing relation to the magnet 17
as illustrated. This magnetic pole piece 22 has a substan-
tially C-shaped cross-section such as having a flat portion
22a at the center therof, and the C-shaped magnetic pole

piece 22 is mounted on the circumferential surface of the

fourth grid G4 of each electron gun in such a manner
that the flat portion 22a is opposite to the central or
curved portion 21a of the magnetic plate 21 across the
electron gun. The use of such a C-shaped magnetic pole
piece 22 provides enhancement of the parallelism and
uniformity of the magnetic flux in the center of each
electron gun, namely in each electron beam path.

In FIGURE 7 there is illustrated another example of
the internal magnetic poles 15R, 15G and 15B, which
employs magnetic pole pieces 23 and 24 other than the
aforementioned magnetic plate 12, the magnetic pole
pieces 23 and 24 being disposed in opposing relation to
each other between the magnetic plate 21 and the magnet
17. The magnetic pole piece 23 is a flat magnetic plate
of such a shape as shown in, for example, FIGURE 8.
The magnetic pole piece 23 of such a configuration is
disposed in the fourth grid G4 of each electron gun in
such a manner as to cross at right angles the radial
direction of the envelope T passing through both the
axis O—O of the envelope T and the axis of the electron
gun 1. As depicted in the figure, the magnetic pole piece
23 has pawls 25 at its both ends. In assembling the
magnetic pole piece 23 with the fourth grid G, these
pawls 25 are passed through the grid G, and the magnetic
plate 21 from the inside and are caulked thereto to secure
mechanically the magnetic pole piece 23 to the grid Gy
and to couple magnetically the magnetic. pole piece 23
with the magnetic plate 21, as clearly seen from FIGURE
9. The other magnetic pole piece 24 is a magnetic plate
bent in a substantially O-shaped cross-section as shown
in FIGURE 10 but having a flat end portion such as
identified at 24a. The magnetic pole piece 24 of such a
configuration is assembled with the grid G, in a manner
so that the flat portion 24a lies in opposing relation to
the magnetic pole piece 23 across the grid G, within the
electron gun, as clearly seen from FIGURE 9. With
such an arrangement, a magnetic path is established for
each electron gun such that each magnetic flux emanating
from the magnet-17 is caught by the magnetic pole piece
24, thereafter reaching the magnetic pole piece 23 across
the fourth grid G4 and then returning to the magnet 17
through the magnetic supporter 21. This construction en-
ables enhancement of the density and uniformity of the
magnetic flux present in the fourth grid G4 of each elec-
tron gun.

FIGURES 11A and 11B illustrate other modified forms
of the lateral convergence unit of this invention. In FIG-
URE 11A each fourth grid G, is attached to the insulating
supporters 20 by a support pin 28 as usual and magnetic
plates 26 each serving as each internal magnetic pole 15R,
15G or 15B are joined together in a substantially Y-
shaped cross-section. The joined magnetic plates 26 are
disposed in the envelope T to that their joined portion
lies along the axis O—O of the envelope T while each
magnetic plate extending between two adjacent fourth
grids Gy of the electron guns, as clearly depicted in the
figure. In this case, it is preferred to provide the magnetic
plates 26 each for each electron gun independently so as
to minimize the influence of controlling of the electron
beam of one electron gun upon the electron beams of
the other electron guns. In FIGURE 11B there is illustrated
a little modified form of the magnetic plates 26. As
shown in the figure, the magnetic plates 26 each con-
stituting each internal magnetic pole 15R, 15G or 15B
have centrally disposed flat portions 26w respectively,
and the magnetic plates 26 are arranged in such a manner

10

15

20

25

30

35

40

45

50

b5

60

65

0

76

6

that their flat portions form an equilateral triangle about
the axis O of the envelope T so as to enhance the uni-
formity of the magnetic field around each electron beam
path. It has been ascertained that the use of such magnetic
plates 26 enables reduction of the aberration of the electron
lens to the electron beams. Also in this case, the C-
shaped magnetic pole piece 27 such as shown in FIGURE
5B may be mounted on each fourth grid G, on the side
of the magnet 17 in opposing relation to the magnetic
plate 26 constituting the internal magnetic pole. The
use of such magnetic pole piece 27 enhances the uni-
formity of each magnetic field and makes it possible to
catch the magnetic flux from each magnet 17 more
easily.

FIGURE 13 illustrates in perspective one part of still
another example of the lateral convergence unit 16, util-
izing the shield plates 5 of the radial convergence unit 2
as the internal magnetic poles 15 of the lateral converg-
ence unit 16. As illustrated in the figure, the shield plates
5 of the radial convergence unit 2 are extended toward
the screen along the axis of the envelope T, namely in
the advance direction of the electron beam, and the
extensions are used as the internal magnetic poles 15
of the lateral convergence unit 16. FIGURE 14 shows in
cross section such a lateral convergence unit 16, in
which three lateral convergence magnets 17R, 17G and
17B, each corresponding to each of the electron beam
paths of the red, green and blue colors defined by the
extensions 5a of the shield plates 5, are mounted on the
outside of the envelope T in opposing relation to the
extensions 5a. With such an arrangement, magnetic fluxes
substantially in parallel to a line passing the axis O of
the envelope T and extending radially thereof can be
produced in each electron beam path between each lateral
convergence magnet and its corresponding internal magnet
pole, as indicated by the dotted lines in FIGURE 14.
The magnets 17 and the supporters 18 are the same as
those employed in the foregoing examples.

In the example depicted in FIGURES 13 and 14 the
extensions 5« of the shield plates 5 of the radial conver-
gence unit 2 is utilized as the internal magnetic poles 15
of the lateral convergence unit 16. Also in this case, it is
possible to minimize the influence of the control of each
electron beam upon the other ones by the use of three
substantially V-shaped internal magnetic poles assembled
in a substantially Y-shaped cross-section, as shown in
FIGURE 15A. As is seen from the figure, the V-shaped
internal magnetic poles are arranged in a manner so that
their centrally bent portions lie along the axis O of the
envelope T, while each internal magnetic pole extend-
ing in the radial direction between two adjacent electron
guns. FIGURE 15B illustrates another example of the in-
ternal magnetic poles 15R, 15G and 15B, each of which
has a flat portion 15a at its center. The magnetic field
around each electron beam path can be made more uni-
form by the employment of such internal magnetic poles,
which are disposed in a manner so that their flat portions
15q form an equilateral triangle about the axis O of the
envelope T. It has been ascertained that such a construc-
tion of the internal magnetic poles provides a reduction
of aberration of the electron lens to the electron beam.
Further, if substantially U-shaped magnetic pole pieces
15" are each provided in opposing relation to the flat por-
tion 154 of each magnetic pole 15 as shown in FIGURE
15C, the magnetic field established therebetween can be
made more uniform and the magnetic flux produced by
each magnet 17 can be caught more easily. In the figure,
reference numeral 19 identitfies a cylindrical support of a
non-magnetic material for supporting the magnetic pole
pieces 15°.

FIGURE 3 illustrates an example of this invention as
applied to a picture tube of the type employing three bi-
potential electron guns 1. However, this invention is ap-
plicable to a picture tube employing unipotential elec-
tron guns of the type comprising first, second, third, fourth
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and fifth grids G,’, Gy", Gs', G4’ and G5’ and forming a
main electron lens with the third, fourth and fifth grids
Gy, G’ and Gy, as illustrated in FIGURE 16. In the ex-
ample depicted in FIGURE 16, the lateral convergence
unit 16 is positioned in advance of the radial convergence
unit 2 with respect to the advance direction of the elec-
tron beam, both being placed at the following stage of
the main electron lens system, but the position of these
units may be exchanged.

Color adjustment of the picture tube of this invention
is carried out in the following manner. In the first place,
the electron gun for the red color, for example, is oper-
ated to produce a picture of red at the center of the
screen, and the radial and lateral magnets 3 and 17R for
the electron beam of red are adjusted to control the purity
of the red color. Following this, the electron guns are
operated to produce the electron beams corresponding to
the blue and green colors and the corresponding radial
and lateral magnets 3, 17B and 3, 17G are adjusted to
focus the electron beams on the picture of red on the
screen. Thereafter, the purity of the green color is ad-
justed in a similar manner. Then, the electron beams of
the red and green colors are similarly focused to the cen-
ter of the screen and the purity of the blue color is ad-
justed, and then the electron beams of the red and green
colors are focused to the screen. These operations are re-
peatedly carried out.

According to this invention, since the lateral conver-
gence unit is located subsequent to the main electron lens
system of the electron gun, the electron beam incident to
the lens system can be prevented from deviating from
the axis of the lens system when adjusting the lateral con-
vergence unit. Accordingly, reduction of resolution result-
ing from the control of the unit can be avoided and the ad-
justment of the unit does not exert any influence upon the
brightness even in a picture tube employing the unipoten-
tial electron guns.

Further, in the present invention the lateral convergence
magnet is provided for each electron beam, so that even
if the purifying magnet is left out, the purity of the re-
spective colors can be controlled by the color control op-
eration described above, and consequently the entire con-
struction can be simplified.

It will be apparent that many modifications and varia-
tions may be effected without departing from the scope of
the novel concepts of this invention.

What we claim is:

1. A three electron gun color picture tube having a
main lens system of shadow mask type comprising an
evacuated envelope, a three-color emitting phosphor
screen, three electron guns arranged substantially sym-
metrical with respect to the axis of the evacuated
envelope, the three-color emitting phosphor screen and

the three electron guns being enclosed in the evacuated”

envelope, each of the three electron guns having a cathode
and means for controlling the electron beam emitted from
the cathode, radial convergence means for controlling the
electron beam emitted from each electron gun independ-
ently of the electron beams from the other electron guns,
three lateral convergence means for controlling the elec-
tron beam emitted from each electron gun independently
of the electron beams from the other electron guns, and
said lateral convergence means and radial convergence
means positioned between said screen and the main lens
system.

2. A three electron gun color picture tube of shadow
mask type as claimed in claim 1, wherein the lateral con-
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vergence means are mounted between the radial con-
vergence means and the main lens system.

3. A three electron gun color picture tube of shadow
mask type as claimed in claim 1, wherein the lateral con-
vergence means are mounted between the screen and the
radial convergence means.

4. A three electron gun color picture tube of shadow
mask type as claimed in claim 1, wherein each of the lat-
eral convergence means comprises magnetic field generat-
ing means and magnetic pole means.

5. A three electron gun color picture tube of shadow
mask type as claimed in claim 1, wherein each of the lat-
eral convergence means comprises magnetic field generat-
ing means, magnetic pole means and another magnetic
pole means disposed therebetween.

6. A three electron gun color picture tube of shadow
mask type as claimed in claim 4, wherein respective mem-
bers of the magnetic pole means are formed integrally in
a substantially Y-shaped cross-section.

7. A three electron gun color picture tube of shadow
mask type as claimed in claim 6, wherein each member of
the Y-shaped magnetic means has three flat central por-
tions, the flat portion of said member forming a substan-
tially equilateral triangle in cross-section about the axis
of said envelope.

8. A three electron gun color picture tube of shadow
mask type as claimed in claim 4, wherein the magnetic
pole means are formed by shield plates of the radial con-
vergence means.

9. A three electron gun color picture tube of shadow
mask type as claimed in claim 4, wherein the magnetic
pole means have respective magnetic pole members, each
being substantially V-shaped in cross section.

10. A three electron gun color picture tube of shadow
mask type as claimed in claim 9 wherein each of the
V-shaped magnetic pole members has a substantially flat
portion centrally thereof.

11. A three electron gun color picture tube of shadow
mask type as claimed in claim 10 wherein substantially
U-shaped magnetic pole means are mounted in opposing
relation to the flat portions of the V-shaped magnetic pole
means across the electron gun respectively.

12. A three electron gun color picture tube of shadow
mask type as claimed in claim 1, wherein the three elec-
tron guns are of bipotential type.

13. A three electron gun color picture tube of shadow
mask type as claimed in claim 1, wherein the three elec-
tron guns are of unipotential type.

14. A three electron gun color picture tube of shadow
mask type as claimed in claim 1, comprising purity mag-
netic means are provided.
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